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Abstract 

The present invention relates to the preparation of a polymerized double active site olefin 
polymerization catalyst and catalytic olefin polymerization. The catalyst is composed of 
Component A and Component B. The formula for Component A is [P(ComNi-co-S-co-ComZr)] 
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or [Si0 2 -P(ComNi-co-S : co-ComZr)J where P represents a copolymer, S represents styrene, co 
represents copolymerization, ComNi represents an alkenyl group-containing "post- 
metalloncene" ct-diimide nickel-based catalyst, and ComZr represents an alkenyl 
group-containing metallocene zirconium catalyst. [PtComNi-co^S-co-ComZr)] is a copolymer of 
cx-diimide nickel catalyst, a metallocene catalyst and styrene. Si0 2 represents silicon dioxide as 
the support. Component B is any of methylaluminoxane (MAO), modified methylaluminoxane 
(MMAO) and pentafluorophenylborane [B(C 6 F 5 ) 3 ]. This type of catalyst has a relatively high • 
activity in the catalysis of ethylene polymerization. It is appropriate in gas-phase and slurry 
polymerization processes. The polymer does not contain inorganic ash. • ■ 

Claims 

1 . A polymerized nickel-zirconium double active site olefin polymerization catalyst is 
composed of Component A and Component B, characterized by the fact that the formula for 
Component A is [P(ComNi-co-S-co-ComZr)] or [Si0 2 -P(ComNi-co-S-co-ComZr)] 5 where P 
represents a copolymer, S represents polystyrene, co represents copolymerization, ComNi 
represents an alkenyl group-containing "post-metalloncene" a-diimide nickel-based catalyst, and 
ComZr represents' an alkenyl group-containing metallocene zirconium catalyst, 
[P(ComNi-co-S-co-ComZr)] is a copolymer of a-diimide nickel catalyst, a metallocene catalyst 
and styrene and has the following structural formula: 




in this formula, m is an integer of 0-4; n is an integer of 0-1 00; X is CI or Br; R, and R 2 can be 
the same or different and may be hydrogen, methyl groups, isopropyl groups or tert-butyl groups; 
R 3 is any of hydrogen, a methyl group, an isopropyl group or a butyl group; and R 3 [sic; R4] is 
hydrogen or a methyl group; Q is selected from the following divalent residues of cyclic 
compounds or their mixture: 

in this formula, R 5 and R6 can be the same or different and may be methyl groups, ethyl groups, 
propyl groups or heterocycles; Si0 2 represents the silicon dioxide support. Component B is any 
of methylaluminoxane (MAO), modified methylaluminoxane (MMAO) and pentafluorophenyl 
borane [B(C6Fs)3]- 



2. A method for the preparation of Component A of the polymerized nickel-zirconium 
double active site olefin polymerization catalyst described in Claim 1, including: 

an N-alkenylaniline formed from an aromatic amine and an alkenyl chloride or an alkenyl 
bromide is rearranged in the presence of anhydrous zinc chloride to obtain 4-alkenyl aromatic 
amine at a yield of 25-71%; 

■ i to R,. 

in this formula, Ri and R 2 can be the same or different and may be H, methyl groups, isopropyl 
groups or tert-butyl groups; R 3 is H, a methyl group, an ethyl group, a propyl group or a butyl 
group; 

it undergoes a condensation reaction with an a-diketone shown by the following formula 
under the catalysis of formic acid, acetic acid, trifluoroacetic acid or hydrochloric acid in an acid 
and alcohol solvent: 
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to obtain an alkenyl group-containing a-diimide ligand shown by the following formula at a 
yield of 72-84%; 

/• (Q) 



under water-free and oxygen-free conditions, the ligand mentioned previously is subjected to a 
coordination reaction with NiX 2 , in which X is CI or Br, to obtain an alkenyl group-containing 
a-diimide Ni(II) coordination compound shown by the following formula at a yield of 92-98%; 




by using tetrabutyl ammonium bromide as a phase transition agent, cyclopentadiene and a 
halogen-substituted olefin are reacted to obtain the following alkenylcyclopentadiene at a yield 
of 40-70%; 
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in this formula, m is an integer of 0-4, and R» is hydrogen or a methyl group; 

in a terahydrofuran system, the alkenylcyclopentadiene mentioned previously is treated 
with equimolar n-BuLi and reacted with ZrCl 4 at an equivalent amount to obtain the following 
alkenyl metallocene catalyst at a yield of 60-75%; 



• • •• • • 

in this formula, X is CI or Br; m is an integer of 0-4; R, is hydrogen or a methyl group; 

under water-free and oxygen-free conditions, the alkenyl group-containing qt-diimide 
Ni(II) coordination compound and the alkenyl group-containing metallocene catalyst are 
copolymerized with styrene under the initiation of AIBN (AIBN being azobisisobutyronitrile) to 
cause the catalyst to link with polyethylene [sic; polymer] chains through a bonds to obtain the, 
polymerized double active site olefin polymerization catalyst of the following formula: 




in this formula, m is an integer of 0-4; n is an integer of 0-100; X is CI or Br; Ri and R 2 can be 
the same or different and may be hydrogen, methyl groups, isopropyl groups or tert-butyl groups; 
R 3 is any of hydrogen, a methyl group, an isopropyl group or a butyl group; and R 3 [sic; R»] is 
hydrogen or a methyl group; Q is selected from the following divalent residues of cyclic 
compounds or their mixture: 

JS 6b o . K 

in this formula, R 5 and R* can be the same or different and may be methyl groups, ethyl groups, 
propyl groups or heterocycles; Si0 2 represents the silicon dioxide support for supporting the 
polymerized catalyst [P(ComNi-co-S-co-ComZr)]; 

under the action of the promoter Component B (Component B being methylaluminoxane 
(MAO), modified methylaluminoxane (MMAO) or pentafluorophenyl borane [B(C 6 F 5 ) 3 ]), 
Component A catalyzes the olefin polymerization at 1 -20 atm and the activity is 1 0 5 -l 0 7 g PE 
(molNi'h)" 1 . 

3. A method for the preparation of the polymerized nickel-zirconium double active site 
olefin polymerization catalyst described in Claims 1 and 2, characterized by the fact that, during 
the process of preparation of Component A of the polymerized a-diimide nickel-based catalyst 
carried on silicon dioxide, the silicon dioxide support, the solvent and the catalyst are added first, 
heated to a temperature of 70 ± 0.5°C, the initiator is then added, and polymerization is 
conducted by maintaining the temperature at 80 ± 0.5°C for 8 h. 



4. A method for the preparation of the polymerized "post-metalloncene" a-diimide 
nickel-based olefin polymerization catalyst described in Claim 1 , characterized by the fact that, 
in the process for the production of polyethylene, the step of using Component A of the 
polymerized nickel-zirconium double active site olefin polymerization catalyst described in 
Claim 1 is included. 

5. A method for the preparation of the polymerized nickel-zirconium double active site 
olefin polymerization catalyst described in Claim 1, characterized by the fact that the 1 
polymerization pressure in the production of polyethylene is 1 -20 atm. 

6. A method for the preparation of the polymerized nickel-zirconium double active site 
olefin polymerization catalyst described in Claim 1, characterized by the fact that homogeneous 
polymerization and heterogeneous polymerization are adopted in the production of polyethylene. 

Description 
Technical field 

The present invention relates to an olefin polymerization catalyst. More specifically, it 
relates to a polymerized olefin polymerization catalyst containing nickel and zirconium double 
active sites. 

The present invention also relates to a method for the preparation of the catalyst 
mentioned previously. 

The present invention also relates to the application of the catalyst mentioned previously 
to olefin polymerization, especially to ethylene polymerization. 

Background of the technology 

The third-generation, high-activity olefin polymerization catalysts as the "post- 
metalloncene" late transition metal catalysts initiated at the end of the last century and honored 
in the same way as the Ziegler-Natta catalyst and the metallocene catalyst have now become the 
hottest research topic in new olefin polymerization catalysts in the whole world. However, the 
traditional early transition metal catalyst is still exhibiting a huge effect in modern industrial 
production. How to combine the excellent characteristics of the early transition metal catalyst 
and the late transition metal catalyst in order to prepare a polyolefin material with novel structure 
and performance has now become an important research direction for olefin polymerization. 
Chinese patents (Nos. 98125651.1, 1998 and 01 140470.1, 2001) disclose respectively the 
method for the preparation of the polymerized metallocene olefin polymerization catalyst and the 
method for the preparation of the polymerized late transition metal "post-metalloncene" 
nickel-based olefin polymerization catalyst. The polymerized nickel-zirconium double active site 
catalyst has not been reported. This work has significance regarding the aspects of obtaining a 
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polymer with ideal molecular weight and degree of branching, adapting to a commercialized 
production apparatus, increasing the physical processing performance of the polymer, etc. 

Content of the invention 

One objective of the present invention is to provide a polymerized nickel-zirconium 
double active site olefin polymerization catalyst.. 

Another objective of the present invention is to provide a method for the preparation of a 
polymerized nickel-zirconium double active site olefin polymerization catalyst. In said method, a 
group IVB metallocene compound containing an olefin substitute group and an a-diimide 1 
nickel-based catalyst are used in the polymerization with styrene under the action of an initiator 
so that the pre- aind late-transition metal catalysts are connected through o bonds to the polymer 
chain to form a polymerized nickel-zirconium double active site olefin polymerization catalyst. 

The third objective of the present invention is to provide the polymerized 
nickel-zirconium double active site catalyst for application in olefin polymerization, especially 
ethylene polymerization. 

The polymerized nickel-zirconium double active site catalyst has a very high catalytic 
activity for olefin polymerization in the same manner. Furthermore, by the polymerization of 
pre- and late-transition metal catalysts, the composition and the distribution of the catalyst on the 
polymer chains can be controlled very easily. By adjusting the distribution of the catalyst on the 
polymer chains, the catalytic effect of the active sites can be enhanced to the utmost extent and 
improvements in physical, mechanical and processing performance of the polymers can be 
achieved. In addition, the polymers obtained by the olefin polymerization catalyzed by the 
polymerized nickel-zirconium double active sites do not contain inorganic ash. 

The catalyst prepared according to the present invention is composed of Component A 
and Component B, in which the formula for Component A is [P(ComNi-co-S-co-ComZr)] or 
[Si0 2 -P(ComNi-co-S-co-ComZr)], where P represents a copolymer, S represents polystyrene, co 
represents copolymerization, ComNi represents an alkenyl group-containing "post- 
metalloncene" a-diimide nickel-based catalyst, and ComZr represents an alkenyl 
group-containing metallocene zirconium catalyst. (P(ComNi-co-S-co-ComZr)] is a copolymer of 
a-diimide nickel catalyst, a metallocene catalyst and styrene and has the following structural 
formula: 
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In this formula, m is an integer of 0-4; n is an integer of 0-1 00; X is CI or Br; Ri and R 2 can be 
the same or different and may be hydrogen, methyl groups, isopropyl groups or tert-butyl groups; 
R 3 is any of hydrogen, a methyl group, an isopropyl group or a butyl group; and R 3 is hydrogen 
or a methyl group; Q is selected from the following divalent residues of cyclic compounds or 
their mixture: 

CO tfb ° iTV. 

in this formula, R 5 and R* can be the same or different and may be methyl groups, ethyl groups, 
propyl groups or heterocycles; Si0 2 represents the silicon dioxide support for carrying the . 
polymerized catalyst [P(ComNi-co-S-co-ComZr)]. Component B is any of methylaluminoxane 
(MAO), modified methylaluminoxane (MMAO) and pentafluorophenylborane [B(C 6 F 5 ) 3 ]. 
The preparation process for the catalyst is shown in the following: 
An N-alkenylaniline formed from an aromatic amine and an alkenyl chloride or an 
alkenyl bromide is rearranged in the presence of anhydrous zinc chloride to obtain a 4-alkenyl 
aromatic amine at a yield of 25-7 1 %: 




In this formula, Ri and R 2 can be the same or different and may be H, methyl groups, isopropyl 
groups or tert-butyl groups; R 3 is H, a methyl group, an ethyl group, a propyl group or a butyl 
group: 

It undergoes a condensation reaction with an a-diketone shown by the following formula under 
the catalysis of formic acid, acetic acid, trifluoroacetic acid or hydrochloric acid in an acid and 
alcohol solvent: 




to obtain an alkenyl group-containing a-diimide ligand shown by the following formula at a 
yield of 72-84%; 




Under water-free and oxygen-free conditions, the ligand mentioned previously is subjected to a 
coordination reaction with NiX 2 , in which X is CI or Br, to obtain an alkenyl group-containing 
a-diimide Ni(II) coordination compound shown by the following formula at a yield of 92-98%: 



By using tetrabutylammonium bromide as a phase transition agent, cyclopentadiene and a 
halogen-substituted olefin are reacted to obtain the following alkenylcyclopentadiene at a yield 



In this formula, m is an integer of 0-4, and R4 is hydrogen 6r a diethyl group: 

In a terahydrofuran system, the alkenylcyclopentadiene mentioned previously is treated 
with equimolar n-BuLi and reacted with ZrCU at an equivalent amount to obtain the following 
alkenyl metallocene catalyst at a yield of 60-75%: 



In this formula, X is CI or Br; m is an integer of 0-4; R4 is hydrogen or a methyl group. 

Under water-free and oxygen-free conditions, the alkenyl group-containing oc-diimide 
Ni(II) coordination compound and the alkenyl group-containing metallocene catalyst are 
copolymerized with styrene under the initiation of AIBN (AIBN being azobisisobutyronitrile) to 
cause the catalyst to link with polyethylene chains through a bonds to obtain the polymerized 
double active site olefin polymerization catalyst of the following formula: 



In this formula, m is an integer of 0-4; n is an integer of 0-1 00; X is CI or Br; Rj and R 2 can be 
the same or different and may be hydrogen, methyl groups, isopropyl groups or tert-butyl groups; 



or a methyl group; Q is selected from the following divalent residues of cyclic compounds or 
their mixture: 



of 40-70%: 






R 3 is any of hydrogen, a methyl group, an isopropyl group or a butyl group; and R 3 is hydrogen 



66 o w, 



9 



In this formula, R 5 and can be the same or different and may be methyl groups, ethyl groups, 
propyl groups or heterocycles; Si 0 2 represents the silicon dioxide support for carrying the 
polymerized catalyst [P(ComNi-co-S-cb-ComZr)]: 

Under the action of the promoter Component B (Component B being methylaluminoxane 
(MAO), modified methylaluminoxane (MMAO) or pentafluorophenyl borane [B(C 6 F5)3]), 
Component A catalyzes the olefin polymerization at 1-20 atm and the activity is 10 5 -10 7 g PE 
(molNi-h)" 1 . 

• Specific application embodiments are as follows: 
Application Example 1 ^Preparation of an allyl type aromatic amine 

2, 6-Diisopropylaniline 0.2 mol and allyl chloride 0.1 mol were refluxed by heating for 
8 h, cooled by standing overnight, poured into 400 mL of water, made alkaline by using a 
sodium hydroxide solution, extracted with ethyl ether, and distilled under reduced pressure to 
obtain 1 8.33 g of N-allyl-2,6-diisopropylaniline at a yield of 84%. Toluene as a solvent was 
added at 100 mL into 0.084 mol of theN-allyl-2,6-diisopropylaniline and 0.1 mol of anhydrous 
zinc chloride. It was refluxed under an argon gas atmosphere for 5 h. It was cooled and poured 
into a sodium hydroxide aqueous solution to make it alkaline. The organic phase was removed. 
The bottom layer of insoluble material was dissolved in hot concentrated hydrochloric acid. It 
was poured into the ethyl ether extract solution mentioned previously, dried over anhydrous 
magnesium sulfate, concentrated under vacuum, and then distilled under reduced pressure to 
obtain 12.92 g of 4-allyl-2,6-diisopropylaniline at a yield of 71%. 

Application Example 2 : Preparation of an allyl type aromatic amine 

2-Tert-butylaniline 0.1 mol and 1 -bromo-2-butene 0.05 mol were refluxed by heating for 
10 h, cooled by standing overnight, poured into 200 mL of water, made alkaline by using a 
sodium hydroxide solution, extracted with ethyl ether, and distilled under reduced pressure to 
obtain 5.35 g of N-(2-methylpropenyl)-2-tert-butylaniline at a yield of 53%. Toluene as a solvent 
was added at 200 mL into 0.2 mol of the N-(2-methylpropenyl)-2-tert-butylaniline and 0.2 mol 
of anhydrous zinc chloride. It was refluxed under an argon gas atmosphere for 8 h. It was cooled 
and poured into a sodium hydroxide aqueous solution to make it alkaline. The organic phase was 
removed. The bottom layer of insoluble material was dissolved in hot concentrated hydrochloric 
acid. It was poured into the ethyl ether extract solution mentioned previously, dried over 
anhydrous magnesium sulfate, concentrated under vacuum, and then distilled under reduced 
pressure to obtain 24.89 g of 4-(2-methylpropenyl)-2-tert-butylaniline at a yield of 61%. 
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Application Example 3 : Preparation of an allyl type aromatic amine 

2, 6-Dimethylaniline 0.12 mol and 1 -bromo-2-penterie 0.06 mol were refluxed by heating 
for 9 h, cooled by standing overnight, poured into 300 mL of water, made alkaline by using a 
sodium hydroxide solution, extracted with ethyl ether, and distilled under reduced pressure to 
obtain 3.72 g of N-(2-ethylpropenyl)-2,6-dimethylaniline at a yield of 33%. Toluene as a solvent 
was added at 80 mL into 0.05 mol of the N-(2-ethylpropenyl>2,6-dimethylaniline and 0.05 mol 
of anhydrous zinc chloride. It was refluxed under an argon gas atmosphere for 7 h. It was cooled 
and poured into a sodium hydroxide aqueous solution to make it alkaline. The organic phase was 
removed. The bottom layer of insoluble material was dissolved in hot concentrated hydrochloric 
acid. It was poured into the ethyl ether extract solution mentioned previously, dried over 
anhydrous magnesium sulfate, concentrated under vacuum, and then distilled under reduced 
pressure to obtain 2.77 g of 4-allyl-2,6-dimethylaniline at a yield of 29%. 

Application Example 4 : Preparation of an allyl type aromatic amine 

2, 6-Diisopropylaniline 0.1 mol and l-bromo-2-heptene 0.05 mol were refluxed by 
heating for 10 h, cooled by standing overnight, poured into 300 mL of water, made alkaline by 
using a sodium hydroxide solution, extracted with ethyl ether, and distilled under reduced 
pressure to obtain 4.09 g of N-(2-butylpropenyl)-2,6-diisopropylaniline at a yield of 30%. 
Toluene as a solvent was added at 50 mL into 0.05 mol of the N-(2-butylpropenyl)-2,6- 
diisopropylaniline and 0.05 mol of anhydrous zinc chloride. It was refluxed under an argon gas 
atmosphere for 8 h. It was cooled and poured into a sodium hydroxide aqueous solution to make 
it alkaline. The organic phase was removed. The bottom layer of insoluble material was 
dissolved in hot concentrated hydrochloric acid. It was poured into the ethyl ether extract 
solution mentioned previously, dried over anhydrous magnesium sulfate, concentrated under 
vacuum, and then distilled under reduced pressure to obtain 3.44 g of 4-(2-butylallyl)-2,6- 
diisopropylaniline at a yield of 25%. 

Application Example 5 : Preparation of a diimide bidentate coordination compound containing 
two alkenyl groups 

2 mmol of a-acenaphthenone and 4 mmol of 4-allyl-2,6-diisopropylaniline were 
dissolved in 20 mL of acetic acid, refluxed by heating for 1 h, and cooled to room temperature to 
obtain a solid precipitate. This was filtered, washed with acetic acid (3 x 20 mL), washed with 
normal hexane (3 x 20 mL), and dried under vacuum to obtain 1 .0 g of an ot-diimide 
coordination compound C42H48N2 at a yield of 84%. 
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Application Example 6 : Preparation of a diimide bidentate coordination compound containing 
two alkenyl groups 

3 mmol of a-succine ketone [sic] and 6 mmol of 4-(2-methylallyl)-2-tert-butylaniline 
were dissolved in 30 mL of methanol, and 3-5 drops of formic acid were added as a catalyst. It 
was refluxed by heating for 1 h and cooled to room temperature to obtain a solid precipitate. This 
was filtered, washed with methanol (3 x 20 mL), washed with normal hexane (3 x 20 mL), and 
dried under vacuum to obtain 1 .2 g of an a-diimide coordination compound C36H52N2 at a yield 
of 80%. 

Application Example 7 : Preparation of a diimide bidentate coordination compound containing 
two alkenyl groups 

2.5 mmol of a-cyclohexanedione and 5 mmol of 4-allyl-2,6-dimethylaniline were 
dissolved in 25 mL of ethanol, and 3-5 drops of hydrochloric acid were added as a catalyst. It 
was refluxed by heating for 1 h and cooled to room temperature to obtain a solid precipitate. This 
was filtered, washed with ethanol (3 x 20 mL), washed with normal hexane (3 x 20 mL), and 
dried under vacuum to obtain 1 .0 g of an a-diimide coordination compound C28H34N2 at a yield 
of 72%. 

Application Example 8 : Preparation of a diimide bidentate coordination compound containing 
two alkenyl groups 

2.5 mmol of a-phenanthrenedione and 5 mmol of 4-(2-butylallyl)-2,6-diisopropylaniline 
were dissolved in 30 mL of methanol, refluxed by heating for 1 h, and cooled to room 
temperature to obtain a solid precipitate. This was filtered, washed with methanol (3 x 20 mL), 
washed with normal hexane (3 x 20 mL), and dried under vacuum to obtain 1.5 g of an 
a-diimide coordination compound C52H66N2 at a yield of 82%. 

Application Example 9 : Preparation of an a-diimide nickel-based catalyst containing two alkenyl 
groups 

The preparation of the catalyst was conducted under oxygen-free, water-free conditions 
with protection of high-purity argon. With 30 mL of dichloromethane as a solvent, 1 mmol of the 
diimide coordination compound obtained in Application Example 5 and 1 mmol of 
[Ni(DME)Br 2 ] (where DME is dimethyl diethyl ether) were stirred at room temperature for 12 h, 
and the solvent was removed by vacuum concentration. The precipitate was washed with 50 mL 
of ethyl ether 3-5 times and dried under vacuum to obtain 0.8 g of an a-diimide nickel-based 
catalyst C 4 2H48N 2 NiBr2 at a yield of 98%. 
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Application Example 10 : Preparation of an a-diimide nickel-based catalyst containing two 
alkenyl groups 

The preparation of the catalyst was conducted under oxygen-free, water-free conditions 
with protection of high-purity argon. With 40.mL of dichloromethane as a solvent, 1 mmol of the 
diimide coordination compound obtained in Application Example 6 and 1 mmol of 
[Ni(DME)Cl 2 ] (where DME is dimethyl diethyl ether) were stirred at room temperature for 48 h, 
and the solvent was removed by vacuum concentration. The precipitate was washed with 50 mL 
of ethyl ether 3-5 times and dried under vacuum to obtain 0.6 g of an a-diimide nickel-based 
catalyst C 3 6H52N 2 NiCl2 at a yield of 98%. ' . . ' 

Application Example 1 1 ; Preparation of an a-diimide nickel-based catalyst containing two 
alkenyl groups 

. The preparation of the catalyst was conducted under oxygen-free, water-free conditions 
with protection of high-purity argon. With 30 mL of dichloromethane as a solvent, 0.5 mmol of 
the diimide coordination compound obtained in Application Example 7 and 0.5 mmol of 
[Ni(DME)Br 2 ] (where DME is dimethyl diethyl ether) were stirred at room temperature for 24 h, 
and the solvent was removed by vacuum concentration. The precipitate was washed with 50 mL 
of ethyl ether 3-5 times and dried under vacuum to obtain 0.3 g of an a-diimide nickel-based 
catalyst C28H34N 2 NiBr 2 at a yield of 96%. 

Application Example 12 : Preparation of an a-diimide nickel-based catalyst containing two 
alkenyl groups 

The preparation of the catalyst was conducted under oxygen-free, water-free conditions 
with protection of high-purity argon. With 40 mL of dichloromethane as a solvent, 1 mmol of the 
diimide coordination compound obtained in Application Example 8 and 1 mmol of 
[Ni(DME)Cl 2 ] (where DME is dimethyl diethyl ether) were stirred at room temperature for 72 h, 
and the solvent was removed by vacuum concentration. The precipitate was washed with 50 mL 
of ethyl ether 3-5 times and dried under vacuum to obtain 0.7 g of an a-diimide nickel-based 
catalyst C 42 H 64 N 2 NiCl 2 at a yield of 92%. 

Application Example 13 : Preparation of alkenylcyclopentadiene 

In a glass Schlenk flask, 1 00 mL of 33% NaOH, 0.5 mol of cyclopentadiene, and 0.5 mol 
of allyl chloride were added in sequence. In the presence of 2 g of tetrabutylammonium bromide 
as a phase transition agent, it was stirred in an ice water bath for 2 h. After stirring at room 
temperature for 6 h, the oil phase was washed to neutrality, dried over anhydrous potassium 
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carbonate, and distilled under reduced pressure to obtain 36.75 [g] of allyl cylopentadiene at a 
yield of 70.0%. 

Application Example 14 : Preparation of alkenylcyclopentadiene 

In a glass Schlenk flask, 120 mL of 33% NaOH, 0.6 mol of cyclopentadiene, and 0.5 mol 
of 3 -bromo- 1-butene were added in sequence. In the presence of 3 g of tetrabutylammonium 
bromide as a phase transition agent, it was stirred in an ice water bath for 2 h. After stirring at 
room temperature for 7 h, the oil phase was washed to neutrality, dried over anhydrous 
potassium carbonate, and distilled under reduced pressure to obtain 26.78 g of 
3 -cyclopentadiene- 1-butene at a yield of 45.01%. 

Application Example 15 : Preparation of an alkenyl metallocene catalyst 

Allylcyclopentadiene 4.14 mmol was added to a tetrahydrofuran solution. Equimolar 
n-BuLi was added dropwise while in an ice salt bath. It was stirred at room temperature for 2 h. 
A tetrahydrofuran solution containing equimolar ZrCl 4 was then added slowly. The solution 
exhibited a dark red color. The reaction was conducted by stirring at room temperature for 6 h. 
The solvent was distilled off. Toluene was added and the lithium salt was removed. The 
supernatant solution was drawn off to dryness. Washing was carried out with hexane several 
times to obtain 0.574 g of the product C^H^ZrCh at a yield of 75%. 

Application Example 16 : Preparation of an alkenyl metallocene catalyst 

3-Cyclopentadiene- 1-butene 2.17 mmol and allylcyclopentadiene 2.17 mmol were added 
to a tetrahydrofuran solution. n-BuLi 4.34 mmol was added dropwise under conditions of an ice 
salt bath. It was stirred at room temperature for 3 h. A tetrahydrofuran solution containing 
equimolar TiCl 4 was then added slowly. The solution exhibited a dark red color. The reaction 
was conducted by stirring at room temperature for 8 h. The solvent was distilled off. Toluene 
was added and the lithium salt was removed. The supernatant solution was drawn off to dryness. 
Washing was carried out with hexane several times to obtain 0.444 g of the product CnHjgTiCb 
at a yield of 60%. , . 

Application Example 17 : Preparation of Component A of the polymerized double active site 
olefin polymerization catalyst 

Under oxygen-free, water-free conditions, 2 mmol of the "post-metalloncene" a-diimide 
nickel-based catalyst C42H48N 2 NiBr 2 containing an alkenyl group obtained in Application 
Example 9, 2 mmol of the metallocene zirconium catalyst C^H^ZrCb containing an alkenyl 
group obtained in Application Example 15, 5 mL of styrene, and 0.05 g of 
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2,2'-azobisisobutyronitrile were added in sequence to distilled toluene, thoroughly mixed, and 
then copolymerized in an oil bath at 80°C for 12 h. It was concentrated under heat. With normal 
hexane as a precipitating agent, a solid powder was obtained. It was washed with normal hexane 
3-5 times and dried under vacuum to obtain the catalyst Component A, 
P[(C42H48N 2 NiBr2)-co-S-co-(Ci6Hi6ZrCl2)]. Thfe measured nickel content was 0.216 wt%, and 
the zirconium content was 0.444 wt%. 

Application Example 18 : Preparation of Component A of the polymerized double active site . 
olefin polymerization catalyst 

Under oxygen-free, water-free conditions, 10 mmol of the "post-metalloncene" ot-diimide 
nickel-based catalyst C36H 5 2N 2 NiBr2 containing an alkenyl group obtained in Application 
Example 10, 10 mmol of the metallocene zirconium catalyst CnHigZrCh containing an alkenyl 
group obtained in Application Example 16, 10 mL of styrene, and 0.14 g of 
2,2'-azobisisobutyronitrile were added in sequence to distilled toluene, thoroughly mixed, and 
then copolymerized in an oil bath at 80°C for 12 h. It was concentrated under heating. With 
normal hexane as a precipitating agent, a solid powder was obtained. It was washed with normal 
hexane 3-5 times and dried under vacuum to obtain the catalyst Component A, 
P[(C3 6 H52N2NiBr2>co-S-co-(Ci7H J8 ZrCl2)]. The measured nickel content was 0.201 wt%, and 
the zirconium content was 0.532 wt%. 

Application Example 19 : Preparation of the polymerized double active site olefin polymerization 
catalyst supported on silicon dioxide 

Under oxygen-free, water-free conditions, 5 g of silicon dioxide were weighed, dried 
under vacuum for 12 h, and then 5 mL of styrene and 0.5 mL of divinyl benzene were added to 
it. It was prepolymerized at 70[°C] for 20 min. Then, 2 mmol of the "post-metalloncene" 
a-diimide nickel-based catalyst C 4 2H 4 8N2NiBr 2 containing an alkenyl group obtained in 
Application Example 9, 2 mmol of the metallocene zirconium catalyst C^H^ZrCh containing an 
alkenyl group obtained in Application Example 15, and 0.05 g of 2,2'-azobisisobutyronitrile were 
added in sequence to distilled toluene, thoroughly mixed, and then copolymerized in an oil bath 
at 80°C for 12 h. It was concentrated under heat to remove the solvent. The precipitate was 
washed with normal hexane 3-5 times and dried under vacuum to obtain the catalyst Component 
A, Si02-P[(C42H48N 2 NiBr 2 )-co-S-co-(Ci6Hi6ZrCl2)]. The measured nickel content was 
0.153 wt%, and the zirconium content was 0.387 wt%. 
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Application Example 20 : Preparation of the polymerized double active site olefin polymerization 
catalyst supported on silicon dioxide 

Under oxygen-free, water-free conditions, 10 g of silicon dioxide were weighed, dried 
under vacuum for 12 h, and then 1 0 mL of styrene and 1 mL of di vinyl benzene were added to it. 
It was prepolymerized at 70[°C] for 20 min. Then, 10 mmol of the "post-metalloncene" 
ct-diimide nickel-based catalyst C 3 6H52N 2 NiBr2 containing an alkenyl group obtained in 
Application Example 10, 10 mmol of the metallocene zirconium catalyst CpH^ZrCh containing 
an alkenyl group obtained in Application Example 16, and 0.14 g of 2,2'-azobisisobutyronitrile 
were*added in sequenced distilled toluene, thoroughly mixed, and then copolymerized in an oil 
bath at 80°C for 12 h. It was concentrated under heat to remove the solvent. The precipitate was 
washed with normal hexane 3-5 times and dried under vacuum to obtain the catalyst Component 
A, Si0 2 - P[(C 3 6H52N2NiBr2)-co-S-co-(Ci7Hi8ZrCl 2 )]. The measured nickel content was 
0. 1 98 wt%, and the zirconium content was 0.479 wt%. 

Application Example 21 : Homogeneous and heterogeneous polymerization of ethylene 

Ethylene polymerization was conducted under water-free and oxygen-free conditions. 
50 mL of toluene, 0.45 mL of methylaluminoxane, and 1.136 (arnol (according to Al/M = 500) of 
the polymerized catalyst obtained in Application Example 1 7 were added to the reactor in 
sequence. Ethylene was reacted at 20°C for 0.5 h. The reaction was terminated with an ethanol 
solution containing 1 wt% hydrochloric acid. The obtained product was filtered, washed with 
ethanol 3 times, and dried under vacuum at 40°C for 24 h to obtain 0.137 g of polyethylene. The 
activity was 2.41 x 10 5 g PE/(mol Ni*h). 

Application Example 22 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 19 and with 2.0 mL of 
methylaluminoxane (according to Al/Ni = 4000), 0.14 g of polyethylene was obtained. The 
activity was 2.54 x 1 0 5 g PE/(mol Ni-h). 

Application Example 23 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 19 and with 0.9 mL of 
methylaluminoxane (according to Al/Ni = 1743), 0.42 g of polyethylene was obtained by 
polymerization at 70°C. The activity was 3.47 x 10 6 g PE/(mol Ni*h). 

Application Example 24 : Homogeneous and heterogeneous polymerization of ethylene 

Ethylene polymerization was conducted under water-free and oxygen-free conditions. 
50 mL of toluene, 0.45 mL of methylaluminoxane, and 1.136 (imol (according to Al/M = 500) of 



the polymerized catalyst obtained in Application Example 19 were added to the reactor in 
sequence. Ethylene was reacted at 20°C for 0.5 h. The reaction was terminated with an ethanol 
solution containing 1 wt% hydrochloric acid. The obtained product was filtered, washed with 
ethanol 3 times, and dried under vacuum at 40°C for 24 h to obtain 0.10 g of polyethylene. The 
activity was 1 .72 x 1 0 5 g PE/(mol Ni*h). 

Application Example 25 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 22 and with 2.0 mL of ■ 
methylaluminoxane (according to Al/Ni = 4000), 0.183 g of polyethylene was obtained. The 
activity was 3 .22 x 1 0 5 g PE/(mol Ni^h). 

Application Example 26 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 22 and polymerization at 50°C, 0.255 g 
of polyethylene was obtained. The activity was 2.24 x 1 0 5 g PE/(mol Ni-h). 

Application Example 27 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 22 and polymerization at 50°C under 
7 atm, 1.7 g of polyethylene were obtained. The activity was 3.0 x 10 6 g PE/(mol Ni*h). 

Application Example 28 : Homogeneous and heterogeneous polymerization of ethylene 

By the same operation as in Application Example 25 and polymerization at 12°C under 
an ethylene pressure of 20 atm, 7.31 g of polyethylene were obtained. The activity was 
1.11 x 10 7 gPE/(molNi«h). 
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